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Basic Effects of Low-Energy H + Implants 


ft. BORON NEUTRAL I ZRT I OH 

B. EFFECT ON ELECTRICALLY RCTIUE NETALLIC INPURITIES 

C. PASS I URT I OH OF DANGLING BONDS 
0. DEEP PERNEATION 

E. HYDROGEN CRUSED DAtlRGE - SYNERGISTIC EFFECTS 


Effects of Low Energy H + Implants on Solar Cell Behavior 


fl. EFFECT ON BASE 

B. EFFECT ON SPACE CHARGE LAYER 

C. EFFECT ON EMITTER 
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Hole Concentration Profiles (Moderately Doped p-type Si) 
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Spreading resistance piots showing the hole 
concentration in moderately doped (10 15 cra"3 and. 
2x10' 4 cm" J ) p-type Si samples after exposing them to 
O.UXeV H + i^gs fo£ 1 minute. The incident fluence of H 


ions was 10' 
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Hole Concentration Profiles (B-doped p-type Si) 
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Hole concentration in H- Ion -bombarded p-Si doped with 
2x10^ cm*^ boron atoms after annealing for 1 hr at the 
temperature shown. Note that a 190 *C heat treatment 
anneals out all the compensating defects at the surface. 


Deep Level Transient Spectra ICr-doped p-type Si) 
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Curves showing the DLTS spectra obtained from Schottlcy- 
diodes made on Cr doped p-Si^as a function of 
processing; a) no treatment, b) 300 °C Ihour anneal in 
an inert ambient, c) 0.4KeV \T implant for 5 minutes. 
Note that although the concentration of the Cr levels 
decreases after both heat treatment ar.d after IB 
bombardment, the reduction is much more pronounced in 
the latter case. 
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Deep Level Transient Spectra (Ti-doped p-type Si) 
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Curve* show inf the DLT3 apeotra obtained froe Schotticy- 
d lodes atde on ?1 doped p~31,as a function of 
proceesini; a) no treataent. b) 300 q C ihour anneal in 
an Inert aablent. o) O.UKeV IT iaplant for 5 einutes. 
Note that the concentration of the 71 level* 1* 
Insensitive to these prooesaes. 


Data from DLTS Spectra Establish that H+ Low-Energy Implants: 

| 

ft. DEFINITELY DO HOT AFFECT ALL NETALLIC DEEP LEUELS. ? 

B. ONLY AFFECT THE LEUELS OF FAST DIFFUSERS. 

C. PASSIURTiOH OF FAST DIFFUSERS? ENHANCED DIFFUSION OF £HSI 
DIFFUSERS (OUE TO ARM AT I OH) AND GETTER I NG? 
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Passivation of Dangling Bonds 
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ORIGINAL Pxq-- - 

Electron Beam Induced Current S0finl§OOR QUALnV 






Sc<hv on Me* hunt Mii'acc aMei imj»!antinOj tht* Jevioe with 

H on the hack of tht water 
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Rutherford Backscattering Spectra 




Rutherford backscattering data in t ho channeling and random mode from 
SI samples subjected to low-energy Ion-beams. Nott that as 
the energy of the incident tons is increased, more damage 
is i ntrodnced at the SI surface, hut her, note that II Jons 
Introduce more lattice damage than ftr ions. 


Spectral Response 


Dnmhitic Wol» Solar Coll 15 3 
A; no II* 

0; 0.4 koV II* 
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Spectral Response 


Ct-SI 7S koV, S*10^ cm*^ Ac ImpUml 
Annnol: S50 *C 2 hr* * 900*C 15 m ♦ 550 *C 2 Ins 
A; No H* Altor Aiwtcal 
0: 0.4 k#V H* Altor Annoal 



Spectral Response 


F«-SI 7S k«V, Suit)'* cm'* A* Impljnl 
Annoal: SSO *C 2 hrt ♦ 900 "C 15 m ♦ 550 *C 2 h»c 
A: No H* Altor Anneal 
8: 0.4 koV II* Altor Anneal 
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Effect 'jf H on Space Charge Region of Solar Cells 


Device 

Before H* 

• Arter H* 

1 0 before H* 
(A/CB 2 ) 

I 0 after H* 
(A/cr 2 ) 

I Q base 
(A/ctn^) 
Theoretical 

S7 

Cz-Sl 

75 

75 

3.096 x 10*5 

6.47 x 10 -11 

1.1 X 10 -11 

S25 

(Fz-Sl) 

51 

51 

1.667 x 10*9 

1.57 x 10* 10 

10" 12 


Total Saturation Current and Saturation Current Component 
Due to Emitter Transport for Different Devices 


Prooeaalng J w (pA/cm 2 ) J^CoA/cs 2 ) 


4412-3C U 1* 

**12-50 no oxide 

4H12-5C no oxide 
after H* 

J ob - 2.07 x 10*10-2 


3.78 

1.71 

7.13 

5.06 

3.90 

1.83 

cm 2 



Surface Recombination Velocity Values for Different Devices 

Ss with ip r.c 3? no oxice 

Model oxide oxide with H* 

Roulaton 1.53 x 10 4 5.66 x 10^ 1.65 x 10 U 

J 0# (with oxide) - 3- 7S6 x 10"* 2 A.ca 2 . 

J oc (without oxide) s 7.13 x 10*12 A/cs 2 . 

J QC (no oxide ♦ 0.4 keV H*) - 3.90 x 10" 12 A/oo 2 . 


*> 
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Conclusions 


R. HYDROGEN MFLAHTS ARE OEHV USEFUL BECAUSE 

1. CRN PASS I DATE DANGLING SI BONDS AT BULK AND SURFACE DEFECTS. 

2. CRH PERHEBTE DEEPLY DOIIN DISLOCATIONS AND GRAIN BOUNDARIES. 

3. CAN GETTER (OR PASSIUATE) FAST DIFFUSING METALLIC IMPURITIES 
(BUT HOT SLOU DIFFUSING IMPURITIES - AT LEAST IF DOPED FROM 
THE flELT). 



B. HYDROGEN IdPLAMTS CAN INPROUE CELLS THROUGH 
MPLOUEHENT OF 

1. BASE 

2. SPACE CHARGE LAVER 

3. EMITTER (AND ENITTER SURFACE) 

C. CAUTIONS 

1. HYDROGEN IMPLANTS THEMSELUES CAUSE OARAGE. 

2. HYDROGEN CAUSES BORON NEUTRALIZATION (UHICH AHNERLS OUT IF 
T > 180°C OR IS HOT PRESENT IF PROCESSING TEMPERATURE > 
150 c C). 
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